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[57] 3 ABSTRACT 

A piezoelectric speaker which generates sound by vi 
brating a plane diaphragm using a plurality of piezoelec 
tric drivers is disclosed. The diaphragm is formed of 
resin foam plates and the piezoelectric drivers are con 
tained therein while being interposed and supported at 
the centers thereof. The piezoelectric drivers are di 
vided into at least two groups which have different 
primary resonance frequencies. 

8 Claims, 5 Drawing Sheets 
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PIEZOELECI‘RIC SPEAKER 

This application is a continuation of application Ser. 
No. 366,087 filed June 15, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
This invention relates speaker and, more particularly 

to a piezoelectric speaker which generates sound by 
vibrating a diaphragmusing piezoelectric drivers. 

(2) Description of the Prior Art 
A conventional piezoelectric speaker has a construc 

tion in which a vibrating ?lm is stretched on a frame 
while being applied tension and a plurality of piezoelec 
tric drivers are directly stuck on the ?lm. 
According to this conventional technique, although a 

plane speaker having a large surface area can be ob 
tained, there has been room for improvement because 
its frequency characteristic is not so excellent. 

SUMMARY OF THE INVENTION 

A primary object of the present invention, therefore, 
is to provide a rational piezoelectric speaker having an 
improved frequency characteristic. 
Another object of the present invention is to provide 

a piezoelectric speaker having high sound quality by 
preventing primary resonance of the diaphragm. 
The above objects are fulfilled, according to the pres 

ent invention, by a piezoelectric speaker which gener 
ates sound by vibrating a diaphragm using piezoelectric 
drivers, comprising; a plurality of piezoelectric drivers 
divided into at least two groups which have different 
primary resonance frequencies, each piezoelectric 
driver being vibrated in a bending mode by piezoelec 
tric effect, a diaphragm which is made of resin foam and 
has a plurality of spaces bigger than the piezoelectric 
drivers, each space containing one piezoelectric driver, 
piezoelectric supporting means for supporting the cen 
ter of the piezoelectric driver contained in the space, 
and a frame for supporting the diaphragm without re 
stricting its vibration. 
The diaphragm may have a construction in which 

two resin foam plates, each having a plurality of reces 
ses on one side, are assembled in such a manner that the 
recesses in one plate are opposed to the recesses in the 
other plate. 
The piezoelectric driver supporting means may be a 

plurality of opposed projecting members formed on the 
recess bottoms of the two resin foam plates, each op 
posed pair of the projecting members interposing and 
supporting the piezoelectric driver. 
The projecting members may be integrally formed on 

the resin foam plates. 
Some of the piezoelectric drivers may have their 

primary resonance frequencies between the primary 
resonance frequency and the secondary resonance fre 
quency of one of the other piezoelectric drivers. 
Some of the piezoelectric drivers may be provided at 

nodes in the primary resonance mode of the natural 
vibration of the diaphragm, the nodes being determined 
by vibrating the diaphragm using one of the other pi 
ezoelectric drivers. 
The piezoelectric driver provided for determining 

the nodes of the primary resonance mode of the dia 
phragm is selected from the group having the lowest 
primary resonance frequency. 
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2 
The piezoelectric drivers provided at the nodes ofthe 

primary resonance mode of the diaphragm are selected 
from the group having the lowest primary resonance 
frequency. ' 

According to the present invention, at least two 
groups of piezoelectric drivers which have different 
primary resonance frequencies are provided so that the 
primary resonance frequency of one group has a value 
between the primary resonance frequency and second 
ary resonance frequency of the other group. Therefore, 
even in a frequency range in which a sound pressure 
level drops when only the latter group of piezoelectric 
drivers are employed, the sound pressure level is com 
pensated for by the former group of piezoelectric driv 
ers. This leads to a flat sound pressure level as a whole 
from a low frequency range to a high frequency range. 

In the above construction, if some of the piezoelectric 
drivers are provided at nodes in the primary resonance 
mode of the natural vibration of the diaphragm, the 
nodes are vibrated along with other portions, whereby 
the whole diaphragm is vibrated. As a result, a piezo 
electric speaker having a flat sound pressure level over 
a wide frequency range and having a high sound quality 
can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of 
the invention will become apparent from the following 
description thereof taken in conjunction with the ac 
companying drawings which illustrates a specific em 
bodiment of the invention. In the drawings: ' 

FIG. 1 is a partially broken front view showing an 
embodiment of the present invention, 
FIG. 2 is a cross section taken on line II-Il of FIG. 

1’ . 

FIG. 3 is a graph showing a frequency characteristic 
of a piezoelectric driver having a diameter of 80d), 
FIG. 4 is a graph showing a frequency characteristic 

of a piezoelectric driver having a diameter of 70d), 
FIG. 5 is a graph showing a frequency characteristic 

of a piezoelectric driver having a diameter of 60d), 
FIG. 6 is a graph showing an overall frequency char 

acteristic obtained by theoretically composing the fre 
quency characteristics of all the piezoelectric drivers, 
FIG. 7 is an explanatory view showing how to deter 

mine the arrangement of the piezoelectric drivers of a 
first group, 
FIG. 8 is a view showing a frequency characteristic 

of a diaphragm, and 
FIG. 9 is a view showing another arrangement of the 

piezoelectric drivers as another embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a partially broken front view ofa piezoelec 
tric speaker as an embodiment of the present invention 
and FIG. 2 is a cross section taken on line'Il—-Il of FIG. 
1. This piezoelectric speaker has a construction wherein 
a diaphragm 2 containing a plurality of piezoelectric 
drivers 11-19 is ?xed to a frame 4 through an elastic 
supporting member 3. 
The frame 4 is made of a metal plate such as alumi 

num, and has a squared gutter all along its inner wall. 
The outer periphery of the diaphragm 2 and the elastic 
supporting member 3 are inserted into this gutter. 
The elastic supporting member 3 is a long, narrow 

tape made of a resin foam such as urethane foam or 
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polyethylene foam or of rubber foam, and is stuck on 
the inner wall of the frame without any gap, using a 
kind of double-sided adhesive tape. 
Each of the piezoelectric drivers 11-19 is of the bi 

morph type, which has two piezoelectric plates 100a 
and 100b, made of PZT or the like, interposing a metal 
plate 100C. When electric signals are applied to both 
piezoelectric plates 100a and 100b, the whole piezoelec 
tric driver including the metal plate 100c is vibrated by 
piezoelectric effect. In this embodiment, the piezoelec 
tric drivers 11-19 are divided into three groups which 
have different primary resonance frequencies. The pi 
ezoelectric drivers 16-19 of the second and third groups 
have their primary resonance frequencies f1 between 
the primary resonance frequency f1 and the secondary 
resonance frequency f2 of the ?rst group. The piezo 
electric drivers 11-15 of the ?rst group have low pri 
mary resonance frequencies in order to improve a sound 
pressure level in a low frequency range. The primary 
resonance frequency of the piezoelectric driver and its 
diameter have a relationship that the larger the diameter 
is, the lower the primary resonance frequency is. In this 
embodiment, the piezoelectric drivers of the ?rst group 
have diameters of 80d). The sound pressure level —fre 
quency characteristic of this type piezoelectric driver is 
shown in FIG. 3. As seen from FIG. 3, f1: 1 lOHz and 
f2=45OHz. 
The piezoelectric drivers 16 and 17 of the second 

group have diameters of 70d) and the piezoelectric driv 
ers 18 and 19 of the third group have diameters of 60d), 
respectively, so that their primary resonance frequen 
cies are between the above f1 and f2. FIG. 4 and FIG. 
5 show the frequency characteristics of the piezoelec 
tric drivers having a diameter of 70¢ (the second group) 
and 60d) (the third group), respectively. As seen from 
these ?gures, the primary resonance frequency f1 ofthe 
piezoelectric driver having a diameter of 70d) is lSOI-Iz, 
and of the piezoelectric driver having a diameter of 60¢) 
is ZOOl-Iz. This means that both of their primary reso 
nance frequencies are between the primary resonance 
frequency and the secondary resonance frequency of 
the ?rst group. 
FIG. 6 shows an overall frequency characteristic 

obtained by theoretically composing the frequency 
characteristics of the above three groups. 

In each group, any number of piezoelectric drivers 
may be employed. In this embodiment, nine piezoelec 
tric drivers are employed as a whole and the ?rst group 
comprises ?ve piezoelectric drivers, the second group 
two and the third group two. How to arrange the piezo 
electric drivers will be explained next along with the 
explanation of the diaphragm 2. 
The diaphragm 2 is produced by assembling two 

opposed resin foam plates 21 and 22 of different sizes, 
each of which has a recess 210 or 220 and a projecting 
member 21b and 22b. The recess 21a and 22a make a 
space somewhat bigger than the piezoelectric driver 
when the two resin foam plates 21 and 22 are assembled, 
and the projecting members 21b and 22b are integrally 
formed at the substantial centers of the bottoms of the 
recesses 21a and 220, respectively. Each of the piezo 
electric drivers 11-19 is accommodated in a space made 
of the recesses 21a and 220 while being interposed and 
supported by the projecting members 2112 and 22b. 
The recesses 21a, 22a are formed on the resin foam 

plates substantially along its diagonal lines as seen from 
the front side in FIG. 1. The accurate positions at which 
the recesses are to be formed and the piezoelectric driv 
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4 
ers of which group are provided in which recesses are 
determined as follows. First, the piezoelectric drivers of 
the ?rst group are provided at the center and in the 
vicinity of four corners of the resin foam plate. In this 
case, the four piezoelectric drivers except the one posi 
tioned at the center are provided at nodes in the primary 
resonance mode of the natural vibration of the dia 
phragm. The above nodes are determined by vibrating 
the diaphragm provided with one piezoelectric driver 
at the center thereof. More particularly, when only one 
piezoelectric driver is provided at the center of the resin 
foam plate, the primary resonance of the resin foam 
plate occurs in the vertical and horizontal directions as 
shown in FIG. 7. At this time, the vibrations in both 
directions respectively have nodes I and J between the 
center E and the ends G, and between the center F and 
the ends H. At both sides of these nodes I and J, the 
diaphragm 2 is locally vibrated. In order to practically 
prevent the local vibration, the four piezoelectric driv 
ers are provided at the intersecting points of the nodes, 
I and the nodes J. 

Next, as shown in FIG. 1, the piezoelectric drivers 16 
and 17 of the second group are provided between the 
piezoelectric drivers 11 and 12, and between the piezo 
electric drivers 11 and 13, respectively. The piezoelec~ 
tric drivers 18 and 19 of the third group are provided 
between the piezoelectric drivers 11 and 14, and be 
tween the piezoelectric drivers 11 and 15. respectively. 
The solid line in FIG, 8 shows the frequency charac 

teristic of the diaphragm having the above construction 
wherein the frame 4 has a width of 728 mm. a height of 
18 mm and a depth of 29 mm. and the resin foam plate 
has a width of 704 mm, a height of 490 mm and a depth 
of 18 mm, and wherein nine piezoelectric drivers are 
employed. The dashed line in the same ?gure shows the 
frequency characteristic of the diaphragm having the 
same construction as above except that the second and 
third groups of piezoelectric drivers are not employed. 
As apparent from these ?gures, the piezoelectric 
speaker of the present invention has the sound pressure 
peaks of the second and third groups between the pri 
mary resonance frequency A and the secondary reso 
nance frequency B of the ?rst group. As a result, the 
sound pressure level is prevented from dropping be 
tween the primary resonance frequency and the second 
ary resonance frequency of the ?rst group. This im 
proves the frequency characteristic in the low fre 
quency range. Further, between the secondary reso 
nance frequency B and the tertiary resonance frequency 
C, and between the higher resonance frequencies, the 
sound pressure level is kept ?at, whereby the sound 
quality is improved over the whole frequency range. 
Although the piezoelectric driver is of the bimorph 

type in the above embodiment, also can be employed a 
piezoelectric driver of the unimorph type in which a 
piezoelectric plate is stuck on only one side of a metal 
plate. 
Arrangement of the piezoelectric drivers is not lim 

ited to that described in the above embodiment but may 
be determined appropriately. FIG. 9 shows a preferable 
example as another arrangement. In FIG. 9. although 
the piezoelectric drivers of the first group are posi 
tioned in the same manner as in FIG. 1, the piezoelectric 
drivers 16 and 17 of the second group are respectively 
provided at the centers of the lines between the piezo 
electric drivers 12 and 13 and between the piezoelectric 
drivers 14 and 15. The piezoelectric drivers 18 and 19 of 
the third group are respectively provided in the trian 
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gles having as their apexes the piezoelectric drivers 11, 
12 and 14, and 11, 13 and 15. 

In the above embodiment, the diaphragm is produced 
by assembling two resin foam plates having different 
sizes. The diaphragm may comprise two same-sized 
resin foam plates or a single resin foam plate. 
Although the diaphragm has a square shape in the 

above embodiment, it may have a circular shape or any 
other shape. 
Although the present invention has been fully de 

scribed by way of examples with reference to the ac 
companying drawings, it is to be noted that various 
changes and modi?cations will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modi?cations depart from the scope of the 
present invention, they should be construed as being 
included therein. ' 

What is claimed is: 
1. A piezoelectric speaker which generates sound by 

vibrating a diaphragm using piezoelectric drivers, com 
prising: 

a plurality of piezoelectric drivers divided into at 
least two groups which have different primary 
resonance frequencies, each piezoelectric driver 
being vibrated in bending mode by piezoelectric 
effect; 

a diaphragm which is made of resin foam and has a 
plurality of spaces defined thereon bigger than the 
piezoelectric drivers, each space containing one of 
each said piezoelectric driver; 

piezoelectric supporting means for supporting only 
' the center of each said piezoelectric driver con 

tained in said space; and 
a frame for supporting said diaphragm without re 

stricting its vibration. 
2. A piezoelectric speaker as claimed in claim 1, 

wherein said diaphragm has a construction in which 
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6 
two resin foam plates, each having a plurality of reces 
ses on one side, are assembled in such a manner that the 
recesses in one plate are opposed to the recesses in the 
other plate. 

3. A piezoelectric speaker as claimed in claim 1, 
wherein said piezoelectric driver supporting means are 
a plurality of opposed projecting members formed on 
the recess bottoms of the two resin foam plates, each 
opposed pair of the projecting members interposing and 
supporting said piezoelectric driver. 

4. A piezoelectric speaker as claimed in claim 3, 
wherein said projecting members are integrally formed 
on the resin foam plates. 

5. A piezoelectric speaker as claimed in claim 1, 
wherein a predetermined number of said piezoelectric 
drivers have their primary resonance frequencies be 
tween the primary resonance frequency and the second 
ary resonance frequency of one of other piezoelectric 
drivers. 

6. A piezoelectric speaker as claimed in claim 1, 
wherein a predetermined number of said piezoelectric 
drivers are provided at nodes in the primary resonance 
mode of the natural vibration of the diaphragm, said 
nodes being determined by vibrating the diaphragm 
using one of other piezoelectric drivers. 

7. A piezoelectric speaker as claimed in claim 6, 
wherein the piezoelectric driver provided for determin 
ing the nodes of the primary resonance mode of the 
diaphragm is selected from the group having the lowest 
primary resonance frequency. 

8. A piezoelectric speaker as claimed in claim 6, 
wherein the piezoelectric drivers provided at the nodes 
of the primary resonance mode of the diaphragm are 
selected from the group having the lowest primary 
resonance frequency. 

* * * * * 


